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SUMMARY 

A wind-tunnel i n v e s t i g a t i o n  of t h e  s t a t i c  l o n g i t u d i n a l ,  l a t e ra l ,  and direc- 
t i o n a l  s t a b i l i t y  c h a r a c t e r i s t i c s  of a hypersonic  r e s e a r c h  a i r p l a n e  concept  hav- 
ing a 70° s w e p t  doub le -de l t a  wing w a s  conducted i n  t h e  Langley low-turbulence 
p r e s s u r e  tunne l .  The c o n f i g u r a t i o n  v a r i a b l e s  inc luded  wing planform, t i p  f i n s ,  
c e n t e r  f i n ,  and scramjet engine  modules. Th-e i n v e s t i g a t i o n  w a s  conducted a t  a 
Mach number of 0.2 over a Reynolds number (based on f u s e l a g e  l e n  t h )  range  of 

conducted through a n  angle-of-at tack range from about  -2O to 34O, a t  a n g l e s  of 
s i d e s l i p  of Oo and 5O, and a t  e levon d e f l e c t i o n s  of Oo, -5O, - loo ,  -15O, and -20°. 

2.26 X l o 6  to 19.75 x l o 6  (wi th  a m a j o r i t y  of tests a t  10.0 x 10 2 1.  Tests were 

The drag  c o e f f i c i e n t  of t h e  i n t e g r a t e d  scramjet engine  a p p e a r s  r e l a t i v e l y  
c o n s t a n t  wi th  Reynolds number a t  t h e  t es t  Mach number of  0.2. Mild p i tch-up  
was e x h i b i t e d  by t h e  models equipped wi th  t i p  f i n s .  The forward de l t a ,  a h i g h l y  
swept forward p o r t i o n  of t h e  wing, w a s  d e s t a b i l i z i n g .  The c e n t e r  f i n  model had 
a h ighe r  trimmed maximum l i f t - d r a g  ra t io  and a wider  t r i m  l i f t  and angle-of- 
a t t a c k  range than  t h e  t i p  f i n  m o d e l .  Both t h e  t i p  f i n  models and c e n t e r  f i n  
models e x h i b i t e d  p o s i t i v e  d i h e d r a l  effect  and p o s i t i v e  d i r e c t i o n a l  s t a b i l i t y .  
R o l l  c o n t r o l  was p o s i t i v e  f o r  t h e  t i p  f i n  m o d e l ,  b u t  yaw d u e  to  r o l l  c o n t r o l  
was unfavorable .  

INTRODUCTION 

P resen t  j e t  a i r p l a n e s  a r e  c r u i s i n g  a t  speeds of Mach 2 to 3 (refs.  1 to 3 )  , 
and it appears t h a t  t h e  Mach number l i m i t  for a i r c r a f t  u t i l i z i n g  conven t iona l  
petroleum-based f u e l s  is about  5 (ref. 4 ) .  Some unique problems a s s o c i a t e d  wi th  
Mach numbers of  5 and above inc lude  t h e  development of new p ropu l s ion  sys tems 
which u s e  nonpetroleum-derived f u e l s  s u c h  as l i q u i d  hydrogen (ref.  5 ) .  Some of 
these new p ropu l s ion  sys tems inc lude  c ryogenic- fue led  t u r b o j e t s  f o r  l o w  speeds, 
ramjets ( subsonic  combustion) for moderate s u p e r s o n i c  speeds ,  and scramjets 
( supe r son ic  combustion r amje t s )  for high s u p e r  s o n i c  and hyper s o n i c  speeds.  New 
s t r u c t u r a l  concep t s  must be developed which can  p rov ide  cooled  a i r f r a m e s  and 
engine  s u r f a c e s  for p r o t e c t i o n  from high aerodynamic h e a t i n g  as w e l l  as insu-  
l a t e d  tankage for c ryogen ic  f u e l s  such as l i q u i d  hydrogen. 

One i n d u s t r y  s t u d y  ( r e f s .  6 to 9)  concluded t h a t  o n l y  through t h e  use  of 
both ground f a c i l i t i e s  and f l i g h t  v e h i c l e s  c o u l d  t h e s e  major r e q u i r e d  advance- 
ments i n  technology be made. These f i n d i n g s  were i n  accord  wi th  p r e v i o u s  NACA- 
NASA expe r i ence  wi th  t h e  v a r i o u s  r e sea rch  a i r p l a n e  projects from t h e  X-1 to t h e  
X-15, each  of which r e s u l t e d  i n  a n  e x t e n s i v e  technology advancement a t  a mini- 
mum expend i tu re  of cost and t i m e .  A need t h u s  e x i s t s  f o r  comprehensive f l i g h t  
r e sea rch  i n  t h e  range  of Mach numbers from 3 to  5 and f o r  detai led e x p l o r a t i o n  
to Mach 8. 

The p r e s e n t  c o n f i g u r a t i o n  is one  of s e v e r a l  r e s e a r c h  a i r p l a n e  concepts 
under s tudy  a t  t h e  Langley Research Center  (refs. 10 to 12)  t h a t  meets t h e  



requi rements  env i s ioned  as necessa ry  to  p rov ide  a technology base  for f u t u r e  
high-speed a i r c r a f t .  Such a r e s e a r c h  a i r p l a n e  would be a i r  launched  from a B-52 
or C-5 and would have a l e n g t h  of 15.24 to  24.38 m (50 t o  80 f t )  , a f l i g h t  t i m e  
of up to 800 sec wi th  a nominal 40-sec cruise a t  a Mach number of abou t  7 on t h e  
s c r a m j e t  engine ,  and a r e t u r n  to base  for a dead-s t ick  landing .  I n - f l i g h t  tests 
would i n c l u d e  powerless g l i d e s ,  rocket-boosted f l i g h t s ,  and combined rocket- 
scramjet boos t - c ru i se  experiments .  

The purpose of t h e  p r e s e n t  s tudy  was to i n v e s t i g a t e  expe r imen ta l ly  t h e  
l o n g i t u d i n a l ,  l a t e ra l ,  and d i r e c t i o n a l  s t a b i l i t y  and c o n t r o l  o f  t h i s  l a r g e -  
f u s e l a g e ,  double-de l ta  wing c o n f i g u r a t i o n  a t  subson ic  l a n d i n g  speeds.  S t u d i e s  
o f  t h i s  same d e s i g n  concept  a t  subsonic ,  supe r son ic ,  and hypersonic  speeds  
(refs. 1 3  to  1 5 )  have also been completed.  The tes ts  were parametric i n  n a t u r e  
and inc luded  c o n f i g u r a t i o n  bui ldup ,  v a r i a t i o n s  i n  wing planform, l o n g i t u d i n a l  
c o n t r o l ,  and ro l l  c o n t r o l .  Th i s  s tudy  w a s  conducted a t  a Mach number of 0.2 over  
a Reynolds number (based on f u s e l a g e  l e n g t h )  range o f  2.26 x 106 to  19.75 x 106 
(wi th  t h e  m a j o r i t y  of tests a t  10.0 x l o 6 ) .  The angle-of-at tack range was from 
about  -2O to  34O with a n g l e s  of s i d e s l i p  o f  Oo and 5O.  

SYMBOLS 

The l o n g i t u d i n a l  c h a r a c t e r i s t i c s  are p r e s e n t e d  about  t h e  s t a b i l i t y  axes ,  
and t h e  l a t e r a l  d i r e c t i o n a l  c h a r a c t e r i s t i c s  a r e  p re sen ted  about  t h e  body axes .  
The body and s t a b i l i t y  a x i s  systems are i l l u s t r a t e d  i n  f i g u r e  1. 
r e f e r e n c e  p o i n t  was a t  t h e  des ign  cen te r -o f -g rav i ty  l o c a t i o n  which was a t  a lon-  
g i t u d i n a l  s t a t i o n  64.5 p e r c e n t  of t h e  f u s e l a g e  l e n g t h  and a t  a v e r t i c a l  s t a t i o n  
1.3 p e r c e n t  of t h e  f u s e l a g e  l e n g t h  below t h e  v e h i c l e  r e f e r e n c e  l i n e .  Values  a r e  
g iven  i n  both S I  and U.S. Customary Uni t s .  
were made i n  U.S. Customary Uni t s .  

The moment 

The measurements and c a l c u l a t i o n s  

A r e f e r e n c e  a r e a ,  area of 70° d e l t a  wing i n c l u d i n g  f u s e l a g e  i n t e r c e p t ,  
0,043 m2 (67.2 i n 2 )  

b wing span,  0.217 m (8.542 i n . )  

Base a x i a l  f o r c e  
CA,b base  a x i a l  f o r c e  c o e f f i c i e n t ,  

%OA 

D 
d rag  c o e f f i c i e n t ,  - CD 

%A 

CL l i f t  c o e f f i c i e n t ,  - 
%OA 

ra te  of change of CL w i t h  a n g l e  of a t tack ,  per degree  
cLo, 
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MX 

%Ab 
rolling-moment c o e f f i c i e n t ,  - 

ra te  of change of  C1 wi th  a n g l e  of s i d e s l i p ,  p e r  degree  

rolling-moment c o e f f i c i e n t  due to r o l l  c o n t r o l ,  per  deg ree  

MY 

%a 
p i  tching-moment c o e f f i c i e n t ,  - 

r a t e  of change of C, with  a n g l e  of a t t a c k ,  pe r  deg ree  

ra te  of change of C, with l i f t  c o e f f i c i e n t ,  l o n g i t u d i n a l  s t a b i l i t y  
parameter 

MZ 

%Ab 
yawing-moment c o e f f i c i e n t ,  - 

r a t e  of change of  Cn with a n g l e  of s i d e s l i p ,  per deg ree  

yawing-moment c o e f f i c i e n t  due  t o  r o l l  c o n t r o l ,  pe r  degree  

FY 

%A 
s i d e - f o r c e  c o e f f i c i e n t ,  - 

ra te  of change of Cy wi th  a n g l e  of s i d e s l i p ,  p e r  degree  

side-force c o e f f i c i e n t  due to  r o l l  c o n t r o l ,  per degree  

d rag ,  FN s i n  a + FA cos a 

a x i a l  force a long  X-axis ( p o s i t i v e  d i r e c t i o n  is -X) 

normal f o r c e  a long  Z-axis ( p o s i t i v e  d i r e c t i o n  is -2) 

side f o r c e  a long  Y-axis ( p o s i t i v e  d i r e c t i o n  is +y) 

l i f t ,  

l i f t - d r a g  r a t io  

l e n g t h  of model f u s e l a g e ,  0.508 m (20.0 in . )  

FN cos a - FA s i n  a 

Mach number 

moments abou t  X-, Y-, and Z-axes 

free-stream dynamic Pressure 
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R Reynolds number based on f u s e l a g e  l e n g t h  

x,y,z r e f e r e n c e  axes  

a a n g l e  of a t tack ,  deg rees  

B a n g l e  of  s i d e s l i p ,  deg rees  

de 

6, 

e levon d e f l e c t i o n  ang le ,  p o s i t i v e  when t r a i l i n g  edge is down, deg rees  

d i f f e r e n t i a l  e levon d e f l e c t i o n ,  p o s i t i v e  to p rov ide  p o s i t i v e  ro l l ,  
6 H , l e f t  - 6H, r igh t r  degrees 

S u b s c r i p t s :  

0 c o n d i t i o n  a t  z e r o  l i f t  

E model scramjet engine  

S s t a b i l i t y  a x i s  system 

t t r i m  c o n d i t i o n ,  Cm = 0 

Model nomenclature: 

B1 body wi th  h igh  p r o f i l e  nose 

B2 body wi th  l o w  p r o f i l e  nose 

E model scramjet engine  

FD forward d e l t a  wing 

VC center f i n ,  v e r t i c a l  

VT t i p  f i n s ,  v e r t i c a l  

w1 f wing, p o s i t i v e  camber, forward p o s i t i o n  ( f i g .  4 ( a ) )  

WI a wing, p o s i t i v e  camber, a f t  p o s i t i o n ,  0.0254 m (1.0 in . )  a f t  of W l f  

W2f wing, n e g a t i v e  camber, forward p o s i t i o n  

MODEL 

A photograph of a model of t h e  winged hypersonic  a i r p l a n e  c o n f i g u r a t i o n  is 
shown i n  f i g u r e  2. The test model was of modular d e s i g n ,  as shown i n  f i g u r e  3 ,  
to  allow t h e  bu i ldup  of v a r i a t i o n s  of t h e  b a s i c  model ( f i g .  4 ( a ) )  from compo- 
n e n t s  c o n s i s t i n g  of t h e  body, a forward d e l t a  wing, a 70° swept c l i p p e d - d e l t a  
wing, t i p  f i n s ,  a c e n t e r  f i n ,  and an engine.  The model des ign  r a t i o n a l e  was 
p r i m a r i l y  based on t h e  s t a b i l i t y  and c o n t r o l  requi rements  a t  t h e  des ign  hyper- 
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s o n i c  c r u i s e  Mach number range of 8 to  10. The forward d e l t a  wing w a s  inc luded  
i n  t h e  d e s i g n  to h e l p  d e c r e a s e  t h e  rearward s h i f t  of t h e  aerodynamic c e n t e r  
w i th  i n c r e a s i n g  Mach number. 
were l o c a t e d  outboard  of t h e  f u s e l a g e  f low f i e l d  to enhance t h e  d i r e c t i o n a l  
s t a b i l i t y  a t  hypersonic  speeds. A c e n t e r  f i n  having t h e  same t o t a l  planform 
a r e a  as t h e  sum of t h e  t i p  f i n s  was also t e s t e d .  The wedge-shaped c e n t e r  f i n  
( f i g .  4 ( b ) )  w a s  t e s t e d  to  assess t h e  d i f f e r e n c e  i n  d i r e c t i o n a l  s t a b i l i t y  
between it and t h e  t i p  f i n s .  
So increments .  A model scramjet eng ine  was u s e d  to complete t h e  c o n f i g u r a t i o n  
bu i ldup  ( f i g .  4 ( c ) ) .  The engine  c o n s i s t e d  of s i x  c l u s t e r e d  modules of t h e  con- 
cept desc r ibed  i n  r e f e r e n c e  16 ,  each  having scale o u t s i d e  d imens ions ,  a n g l e s ,  
and areas, b u t  wi thout  scale i n s i d e  f u e l  s t r u t s  and c o n t r a c t i o n  ratio. The 
des ign  i n t e r n a l  c o n t r a c t i o n  r a t i o  of t h e  model scramjet was approximate ly  2 
(compared wi th  about  4 for t h e  f l i g h t  engine)  i n  o r d e r  to p a r t l y  account  for 
t h e  r e l a t i v e l y  l o w  Reynolds number and t h e  r e s u l t i n g  t h i c k  boundary l a y e r  of 
t h i s  test .  The wing w a s  a lso tested i n v e r t e d  i n  t h e  forward p o s i t i o n  and i n  
t h e  a f t  p o s i t i o n  up r igh t .  Geometric d e t a i l s  of t h e  model are shown i n  f i g -  
u r e  4 and are g iven  i n  t a b l e  I. 

The t i p  f i n s  were des igned  w i t h  7.5O toe- in  and 

Elevons could  be d e f l e c t e d  from -20° to 5O i n  

APPARATUS AND TESTS 

The tests were conducted i n  t h e  Langley low-turbulence p r e s s u r e  t u n n e l  a t  
a Mach number of 0.2 ove r  a Reynolds number range of 2.26 x l o 6  t o  19.75 x l o 6 ,  
wi th  dynamic p r e s s u r e  vary ing  from 2777 to  25 089 Pa. A six-component s t r a i n -  
gage ba lance  was i n s t a l l e d  i n s i d e  t h e  model f u s e l a g e  and w a s  a t t a c h e d  to  t h e  
tunne l  s t i ng - suppor t  system. Force  and moment d a t a  were measured through an  
angle-of-at tack range of -20 to  340 and a t  a n g l e s  of  s ides l ip  of  00 and 5O. All 
screw h o l e s  and j o i n t s  were f i l l e d  wi th  wax b e f o r e  each test run. Tunnel block- 
age c o r r e c t i o n s  were made for a l l  tes ts  by u t i l i z i n g  t h e  method of r e f e r e n c e  17  
to  de termine  t h e  s o l i d  blockage of t h e  body and wing and t h e  method of refer- 
ence  18 to  de termine  t h e  l i f t  i n t e r f e r e n c e .  With t h e  excep t ion  o f  a series of 
v a r i a b l e  Reynolds numbers tes ts ,  a l l  runs  were made wi th  f i x e d  t r a n s i t i o n  by 
t h e  method p resen ted  i n  r e f e r e n c e  19. The t r a n s i t i o n  s t r i p s  used c o n s i s t e d  of  
0.0025-m (0.1-in.) wide s t r i p s  of 0.0254 to  0.0508 mm (0.001 to 0.002 in . )  diam- 
eter g r i t  (No.  220 g r i t ) .  The t r a n s i t i o n  s t r i p s  were p laced  on t h e  f u s e l a g e  
0.025 m (1 in . )  downstream of  s t a t i o n  0 and 5 p e r c e n t  of t h e  local chord down- 
stream of  a l l  l e a d i n g  edges  on both  t h e  top and bottom s u r f a c e s  of t h e  wing and 
t h e  l e f t  and r i g h t  s i d e s  of t h e  v e r t i c a l  t a i l s .  N o  g r i t  was a p p l i e d  to  t h e  
eng ine  module. 

The r e s u l t s  are p r e s e n t e d  wi thout  base p r e s s u r e  c o r r e c t i o n  e x c e p t  where 
noted.  Typical v a r i a t i o n s  of base a x i a l  f o r c e  measured d u r i n g  t h e  t e s t  are pre- 
sen ted  i n  f i g u r e  5 for v a r i o u s  c o n f i g u r a t i o n s  a t  a Reynolds number of about  
10.0 x 106. 

RESULTS AND DISCUSSION 

A l l  t h e  basic data p resen ted  i n  t h i s  paper were machine plotted from t h e  
computa t iona l  t a p e  o u t p u t ,  and t h e  d a t a  p o i n t s  were machine f a i r e d  us ing  t h e  
c u b i c  s p l i n e  method. Because of t h e  p r e l i m i n a r y  n a t u r e  of t h i s  s tudy ,  i n d i -  
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v i d u a l  cu rves  such  as L/D p l o t t e d  a g a i n s t  were n o t  g iven  d e t a i l e d  cross- 
checks a g a i n s t  polar plots of CL p l o t t e d  a g a i n s t  CD. 

S t a t i c  Long i tud ina l  Aerodynamics 

Reynolds number. v a r . i a t i o n s ,  component. bui ldup.  - A b u i l d u p  of c o n f i g u r a t i o n s  
from t h e  wing-body to t h e  complete c o n f i g u r a t i o n  w a s  t e s t e d  o v e r  a wide Reynolds 
number range w i t h  free t r a n s i t i o n ,  and t h e  l o n g i t u d i n a l  c h a r a c t e r i s t i c s  are pre- 
sen ted  i n  f i g u r e s  6 to 9. The s e n s i t i v i t y  of t h e  v a r i o u s  c o n f i g u r a t i o n s  from 
BlWlf to  BlWifVTFs to changes i n  Reynolds number was minimal above a Reynolds 
number of about  10.0 x l o 6 ,  which i n d i c a t e d  t h a t  t h e  boundary l a y e r  was becom- 
ing t r a n s i t i o n a l  and  t h a t  t h e  s k i n - f r i c t i o n  d r a g  was c e a s i n g  to d imin i sh  w i t h  
i n c r e a s i n g  Reynolds number, a s  would be expec ted  wi th  a boundary l a y e r  t h a t  was 
predominant ly  a l l  l aminar  or a l l  t u rbu len t .  A s  a r e s u l t  of t h i s  o b s e r v a t i o n ,  
a l l  remaining tests were made a t  a Reynolds number of  approximate ly  10.0 x 106, 
and t r a n s i t i o n  s t r i p s  were applied a s  d e s c r i b e d  i n  t h e  s e c t i o n  e n t i t l e d  "Appa- 
r a t u s  and T e s t s "  to minimize t h e  p o s s i b i l i t y  of l o c a l  r e g i o n s  of s e p a r a t i o n  and 
to a s s u r e  t u r b u l e n t  f l o w  over t h e  m o d e l .  

The small  v a r i a t i o n s  of p i t c h i n g  moment and d rag  c o e f f i c i e n t s  w i th  va ry ing  
Reynolds numbers are cons ide red  to  be w i t h i n  t h e  accuracy  of t h e  da t a .  

Reynolds number v a r i a t i o n ,  scramjet engi-ne- _nlo_dpl drag.- The v a r i a t i o n  of 
t h e  sc ramje t  eng ine  d rag  wi th  Reynolds number a t  z e r o  l i f t  of the m o d e l  and a t  
a Mach number of 0.2 is p resen ted  i n  f i g u r e  10. The test  r e s u l t s  are p r e s e n t e d  
for bo th  uncor rec t ed  fuselage base pressure and wi th  the f u s e l a g e  base  pressure 
c o r r e c t e d  to  f ree-s t ream s t a t i c  pressure. The width- to-height  ra t io  for t h e  
model test eng ine  was approximately 5. The d r a g  c o e f f i c i e n t s  are  r e fe renced  to  
t h e  eng ine  i n l e t  ( f r o n t a l )  a r e a  and were ob ta ined  from t h e  d i f f e r e n c e  between 
tests wi th  the eng ine  on and t h e  engine  o f f  a t  z e r o  l i f t .  I t  c a n  be seen  t h a t  
t h e  d rag  c o e f f i c i e n t s  of t h e  eng ine  were h igh  and approach t h a t  of a f l a t  p la te  
wi th  an  aspect r a t io  of 5 a t  an  a n g l e  o f  at tack of 90° t o  the f low ( r e f .  20) .  
Add i t iona l  engine  d rag  d a t a  may be seen  i n  r e f e r e n c e  21 f o r  similar model 
des igns .  I t  appears that ,  w i t h i n  t h e  scatter of t h e  d a t a ,  t h e  d r a g  p e n a l t y  of  
adding t h i s  i n t e g r a t e d  scramjet engine  concept  is r e l a t i v e l y  c o n s t a n t  w i t h  
Reynolds number a t  subsonic  speeds.  

Componentbuildup.- The v a r i a t i o n s  of t h e  l o n g i t u d i n a l  c h a r a c t e r i s t i c s  w i th  
component b u i l d u p  are p resen ted  i n  f i g u r e  11 f o r  t h e  t i p  f i n  c o n f i g u r a t i o n .  The 
a d d i t i o n  of t i p  f i n s  had a dec ided  l i n e a r i z i n g  e f f e c t  on t h e  l i f t  c u r v e s ,  which 
was due i n  part to decreased t i p  losses. The a d d i t i o n  of t h e  forward d e l t a  
improved t h e  l i f t  from a n  a n g l e  of  at tack of about  5O to t h e  o n s e t  of  s t a l l  a t  
about 26O and inc reased  t h e  d r a g  of a l l  c o n f i g u r a t i o n s  a t  a l l  a n g l e s  o f  a t tack 
because of  i nc reased  vo r t ex  l i f t .  The maximum l i f t  c o e f f i c i e n t  w a s  reduced 
by the i n s t a l l a t i o n  of the  model s c ramje t  engine.  The l i f t - d r a g  r a t io  was 
decreased  by t h e  a d d i t i o n  of  e i t h e r  t h e  t i p  f i n s  and/or t h e  forward d e l t a  to  
the b a s i c  body-wing. A s  expec ted ,  the a d d i t i o n  of t h e  engine  g r e a t l y  dec reased  
t h e  l i f t - d r a g  ratio.  A l l  c o n f i g u r a t i o n s  were l o n g i t u d i n a l l y  s t a b l e  e x c e p t  t h e  
body alone.  The a d d i t i o n  of the t i p  f i n s  to  the  body-wing caused  a l l  conf igura-  
t i o n s  to m i l d l y  pi tch-up a t  l i f t  c o e f f i c i e n t s  of 0.6 to 0.7 (a = 16O) wi th  
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t h e  p r e s e n t  c e n t e r - o f - g r a v i t y  l o c a t i o n .  The forward de l ta  is d e s t a b i l i z i n g  
as expected. 

The r e su l t s  of t h e  component bu i ldup  of t h e  c e n t e r  f i n  c o n f i g u r a t i o n  are 
p r e s e n t e d  i n  f i g u r e  12. L i f t  c u r v e s  f o r  t h e  winged c o n f i g u r a t i o n s  were non- 
1 inearLwi th  a n g l e  of a t t a c k .  The a d d i t i o n  of t h e  forward d e l t a  i nc reased  t h e  
l i f t  s l i g h t l y  a t  h igher  a n g l e s  of a t t a c k ,  and t h e  engine  i n s t a l l a t i o n  reduced 
it. The drag was g e n e r a l l y  o r d e r l y  wi th  component buildup. The inc remen ta l  
d r a g  due to engine  i n s t a l l a t i o n  w a s  g r e a t e s t  a t  l o w  a n g l e s  of a t tack  and washed 
o u t  a t  t h e  h ighe r  angles .  The untrimmed l i f t - d r a g  ra t ios  are somewhat lower 
wi th  the c e n t e r  f i n  i n s t a l l e d  than wi th  t h e  twin  t i p  f i n s  on ( f i g .  11 ( c ) ) ;  how- 
e v e r ,  t h e  p r e s e n t  c e n t e r  f i n  d i d  n o t  have a s u b s o n i c  a i r f o i l  s e c t i o n  which would, 
i f  i nco rpora t ed ,  make L/D more n e a r l y  t h e  same. The l o n g i t u d i n a l  s t a b i l i t y  of  
t h e  body-wing c o n f i g u r a t i o n  w a s  una f fec t ed  by t h e  a d d i t i o n  of  t h e  c e n t e r  v e r t i -  
cal  t a i l .  The forward d e l t a  w a s  h i g h l y  d e s t a b i l i z i n g  b u t  no p i tch-up  occur red  
b e f o r e  a n g l e s  of a t t a c k  of about  300. The l i n e a r i t y  of t h e  pitching-moment 
c u r v e s  wi th  l i f t  c o e f f i c i e n t  of the  body-wing c o n f i g u r a t i o n  was u n a f f e c t e d  by 
t h e  a d d i t i o n  of t h e  c e n t e r  f i n  whereas pitch-up w a s  induced by t h e  a d d i t i o n  of 
t h e  t i p  f i n s  ( f i g .  11 ( e ) ) .  

Wing l o c a t i o n  and camber.- The r e s u l t s  of tests on t h e  t i p  f i n  model wi th  
the  u p r i g h t  wing l o c a t e d  a t  t h e  a f t  f u s e l a g e  s t a t i o n  and wi th  t h e  wing i n v e r t e d  
( n e g a t i v e  camber) i n  t h e  f o r w a r d . l o c a t i o n  are p r e s e n t e d  i n  f i g u r e  13 and are 
c m p a r e d  wi th  the  m o d e l  having the  forward located u p r i g h t  wing. The a f t  loca- 
t i o n  of t h e  wing dec reased  t h e  l i f t  s i g n i f i c a n t l y  a t  a n g l e s  of a t t a c k  g r e a t e r  
than 16O whereas the i n v e r t e d  wing showed about t h e  same l i f t - c u r v e  s l o p e  b u t  
an i n c r e a s e  i n  clo. A l l  l i f t  c u r v e s  were r e l a t i v e l y  l i n e a r  u n t i l  t h e  h igh  angle-  
of-attack s e p a r a t i o n  r e g i o n  w a s  reached, b u t  both t h e  a f t  wing r e l o c a t i o n  and t h e  
wing i n v e r s i o n  reduced t h e  l i f t .  Drag w a s  reduced a t  h igh  a n g l e s  of a t tack when 
t h e  wing was inverted.  The cu rves  of l i f t - d r a g  ra t io  reflect t h e s e  l i f t  and 
d rag  t r e n d s ,  with t h e  a f t  wing shcwing a s l i g h t  loss i n  l i f t - d r a g  r a t io  and t h e  
i n v e r t e d  wing l o s i n g  more than a u n i t  i n  maximum l i f t - d r a g  ratio. The long i -  
t u d i n a l  s t a b i l i t y  was improved wi th  t h e  wing i n  t h e  a f t  l o c a t i o n  for t h e  f i x e d  
cen te r -o f -g rav i ty  l o c a t i o n ,  b u t  t h i s  i nc reased  s t a b i l i t y  would be decreased i f  
t h e  c e n t e r  of g r a v i t y  were s h i f t e d  a f t  to account  f o r  t h e  a f t  wing movement. 
The i n v e r t e d  wing test showed .a s l i g h t  d e c r e a s e  i n  l o n g i t u d i n a l  s t a b i l i t y  and 
a l a r g e  p o s i t i v e  i n c r e a s e  i n  
c o e f f i c i e n t  of about 0.5. % and was se l f - t r imming a t  a p o s i t i v e  l i f t  

N o s e  contour.- The low p r o f i l e  nose w a s  o r i g i n a t e d  to  p rov ide  a d d i t i o n a l  
d i r e c t i o n a l  s t a b i l i t y  a t  hypersonic  speeds,  and tests of r e f e r e n c e  1 5  s u b s t a n t i a t e  
t h i s  design.  The e f f e c t  of nose contour  w a s  t h e r e f o r e  i n v e s t i g a t e d  a t  M = 0.2, 
and t h e  r e s u l t s  are p r e s e n t e d  i n  f i g u r e  14. E s s e n t i a l l y  no d i f f e r e n c e  w a s  no ted  
between t h e  o r i g i n a l  and t h e  l o w  p r o f i l e  nose. 

Drag Due to L i f t  

The drag polar, CD p l o t t e d  a g a i n s t  C L ~ ,  is p r e s e n t e d  i n  f i g u r e  15 for 
the  component bu i ldup  of t h e  major c o n f i g u r a t i o n s  tested. The s l o p e s  of t h e  
c u r v e s  are a measure of  t h e  drag due  t o  l i f t  and are r e l a t i v e l y  l i n e a r  up to 
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l i f t  c o e f f i c i e n t s  of about  l .Q  whereas t h e  models w i th  t h e  forward d e l t a  and/or 
t h e  engine  i n s t a l l e d  showed t h e  ear l ies t  s t a l l i n g  tendencies .  

Trim C h a r a c t e r i s t i c s  

The b a s i c  t r i m  data t aken  for v a r i o u s  e levon d e f l e c t i o n  a n g l e s  are pre- 
sen ted  i n  f i g u r e  1 6  for t h e  body-wing-tip-fin model, i n  f i g u r e  1 7  for t h e  
body-wing-center-fin model, i n  f i g u r e  18 f o r  t h e  body-wing-tip-fin-forward 
d e l t a  wing model, and i n  f i g u r e  1 9  for t h e  body-wing-tip-fin-forward d e l t a  
wing eng ine  model. 
is shown as dashed l i n e s  on t h e  basic data plots.  

I n t e r p o l a t i o n  was r e q u i r e d  to  de termine  some t r i m  p o i n t s  and 

Trim of t i p  f i n  and center ___ f i n  models.- _ _ _  A canpa r i son  of t h e  t r i m  c h a r a c t e r -  
istics of t h e  model equipped wi th  t i p  f i n s  and t h e  model wi th  a c e n t e r  ver t ical  
t a i l  is p resen ted  i n  f i g u r e  20. The model equipped wi th  t h e  c e n t e r  v e r t i c a l  
t a i l  shows n o t  o n l y  t h e  h i g h e s t  trimmed maximum l i f t - d r a g  r a t i o  b u t  more impor- 
t a n t l y  t h e  wides t  t r i m  l i f t  and t r i m  angle-of -a t tack  range. The t i p  f i n s  act  as 
end plates on t h e  wings and i n c r e a s e ' t h e  local l i f t ,  b u t  t h i s  a f t - l o c a t e d  l i f t  
produces a nose-down p i t c h i n g  moment and t h u s  r e q u i r e s  l a r g e r  e l evon  d e f l e c t i o n s  
fo r '  t r i m .  For a g iven  l i f t  c o e f f i c i e n t ,  t h e  c e n t e r  v e r t i c a l  t a i l  model requires 
about  4O to so less e l evon  d e f l e c t i o n  to  t r i m  t han  does t h e  t i p  f i n  model. 
c e n t e r  f i n  model e x h i b i t s  a n  i n c r e a s i n g  trimmed l i f t - c u r v e  slope wi th  trimmed 
l i f t  c o e f f i c i e n t  canpared wi th  t h e  t i p  f i n  model which had a n e a r l y  c o n s t a n t  
l i f t - c u r v e  slope. The l e v e l  of  trimmed l o n g i t u d i n a l  s t a b i l i t y  i n c r e a s e s  wi th  
t r i m  l i f t  c o e f f i c i e n t  to about  C L ~  = 0.35 

decreases f o r  t h e  t i p  f i n  model. It  might be expec ted  t h a t ,  wi th  t h e  addi-  
t i o n  of t h e  engine ,  t h e  c e n t e r  t a i l  c o n f i g u r a t i o n  would r e t a i n  its wide t r i m  
l i f t  q u a l i t y  and e x h i b i t  t h e  g r e a t e r  trimmed L/D. 

The 

f o r  t h e  c e n t e r  t a i l  model b u t  

Trim of bu i ldup  of  t i p  f i n  model.- The t r i m  c h a r a c t e r i s t i c s  of t h e  t i p  
f i n  models are p r e s e n t e d  i n  f i g u r e  21 for t h e  b a s i c  body-wing-tip-fin conf ig-  
u r a t i o n  and f o r  t h e  models wi th  t h e  forward d e l t a  and t h e  scramjet eng ine  
i n s t a l l e d .  The t r i m  l i f t  and angle-of-at tack range p resen ted  was l i m i t e d  f o r  
t h e  body-wing-tip-fin model by t h e  l i m i t e d  test range of e levon d e f l e c t i o n s ,  
bu t  mi ld  pi tch-up and t h e  p r e s e n t  cen te r -o f -g rav i ty  l o c a t i o n  l i m i t e d  t h e  t r i m  
range for t h e  models wi th  t h e  forward d e l t a  and engine.  The trimmed maximum 
l i f t - d r a g  r a t i o  dec reased  a f u l l  u n i t  of L/D, to  a l o w  value of  3.2, wi th  
scramjet engine  i n s t a l l a t i o n .  The trimmed l i f t - c u r v e  slope was n e a r l y  c o n s t a n t  
f o r  a l l  t i p  f i n  models and a l l  t r i m  ang le s  of  a t t a c k .  The forward d e l t a  was 
d e s t a b i l i z i n g  a s  expec ted  a t  a l l  t r i m  a n g l e s  of a t tack,  and t h e  engine  was 
s l i g h t l y  s t a b i l i z i n g  a t  l i f t  c o e f f i c i e n t s  up to  about  0.1. The l o n g i t u d i n a l  
s t a b i l i t y  decreased  wi th  t r i m  l i f t  coefficient f o r  a l l  t i p  f i n  models. 

S t a t i c  L a t e r a l - D i r e c t i o n a l  S t a b i l i t y  

The v a r i a t i o n s  of t h e  s t a t i c  l a t e r a l - d i r e c t i o n a l  s t a b i l i t y  wi th  component 
bu i ldup  of t h e  t i p  f i n  c o n f i g u r a t i o n s  are p r e s e n t e d  i n  f i g u r e  22. A l l  configu-  
r a t i o n s  t e s t e d  wi th  t h e  t i p  f i n s  i n s t a l l e d  e x h i b i t e d  p o s i t i v e  d i h e d r a l  e f f e c t  
a t  a l l  a n g l e s  of  attack and p o s i t i v e  or n e u t r a l  d i r e c t i o n a l  s t a b i l i t y  up to 
a n g l e s  of a t t a c k  of abou t  21" to  27O, depending on t h e  model. The conf igura-  



t i o n s  wi thout  t h e  t i p  f i n s  e x h i b i t e d  p o s i t i v e  d i h e d r a l  e f f e c t  a t  p o s i t i v e  a n g l e s  
of  a t tack g r e a t e r  than  2O b u t  were d i r e c t i o n a l l y  u n s t a b l e  throughout  t h e  t e s t  
angle-of-at tack range. It  is n o t  known what e f f e c t  t h e  7.5O toe-in of  t h e  t i p  
f i n s  ( r equ i r ed  a t  hypersonic  speeds) had on t h e  l a t e r a l - d i r e c t i o n a l  s t a b i l i t y  
a t  M = 0.2. 

A comparison of t h e  l a t e r a l - d i r e c t i o n a l  s t a b i l i t y  for t h e  c e n t e r  f i n  and t i p  
f i n  c o n f i g u r a t i o n s  is p r e s e n t e d  i n  f i g u r e  23. The c e n t e r  f i n  model e x h i b i t e d  a 
h igh  l e v e l  of p o s i t i v e  d ihed ra l  effect a t  a l l  a n g l e s  of a t t a c k  and was direc- 
t i o n a l l y  s t a b l e  a t  a l l  test  a n g l e s  of a t t a c k  excep t  t h a t  r eg ion  between 
and 29O. A t  a n g l e s  of  a t tack  up to  16O, t h e  c e n t e r  f i n  model had s u p e r i o r  
l a t e r a l - d i r e c t i o n a l  c h a r a c t e r i s t i c s  compared wi th  t h e  t i p  f i n  model. 

ci = 22O 

A canpar i son  of t h e  v a r i a t i o n s  of t h e  l a t e r a l - d i r e c t i o n a l  s t a b i l i t y  wi th  
forward and a f t  wing l o c a t i o n  and wi th  t h e  reduced prof i le  nose is p r e s e n t e d  
i n  f i g u r e  24. It  should  be noted t h a t  t h e  t i p  f i n s  moved a f t  wi th  t h e  a f t  
movement of t h e  wing. Within t h e  scatter of t h e  d a t a ,  it may be concluded 
t h a t  n e i t h e r  t h e  a f t  s h i f t  of t h e  wing or t h e  use  of a nose having a reduced 
profile had any l a r g e  effect on t h e  l a t e r a l - d i r e c t i o n a l  s t a b i l i t y  a t  t h e  sub- 
s o n i c  tes t  c o n d i t i o n s .  

R o l l  Con t ro l  

The r e s u l t s  of tests to  de termine  t h e  r o l l  c o n t r o l  c h a r a c t e r i s t i c s  of t h e  
complete t i p  f i n  c o n f i g u r a t i o n  w i t h  forward de l ta  and eng ine  are p r e s e n t e d  i n  
f i g u r e  25. T h i s  i n v e s t i g a t i o n  w a s  conducted w i t h  t h e  l e f t  e l evon  d e f l e c t e d  
5O (down) and t h e  r i g h t  e levon -5O ( u p ) .  It  may be seen  t h a t  t h e  c o n f i g u r a t i o n  
had p o s i t i v e  rol l  c o n t r o l  b u t  some adve r se  cross coup l ing  (i.e., adve r se  yaw 
due to  r o l l  c o n t r o l  a t  a l l  a n g l e s  of a t t a c k ) .  

CONCLUSIONS 

An a n a l y s i s  of t h e  expe r imen ta l  d a t a  for a hypersonic  r e s e a r c h  a i r p l a n e  
concept  having a 700 swept double-de l ta  wing a t  a Mach number of 0.2 and a 
range of Reynolds numbers (based on f u s e l a g e  l e n g t h )  from about  2.3 x l o 6  to  
19.75 x l o 6  (wi th  t h e  m a j o r i t y  of tests a t  10.0 x l o 6 )  l e a d s  to t h e  fo l lowing  
conclus ions :  

1. The d rag  c o e f f i c i e n t  of t h e  i n t e g r a t e d  scramjet eng ine  appears r e l a t i v e l y  
c o n s t a n t  wi th  Reynolds number a t  t h e  t es t  Mach number of  0.2 and approaches t h e  
drag  of  a f l a t  p l a t e  of similar a s p e c t  r a t i o  normal to  t h e  f l o w .  

2. The model wi th  t i p  f i n s  had an  u n s t a b l e  break i n  t h e  pitching-moment 
cu rve  a t  l i f t  c o e f f i c i e n t s  of 0.6 to 0.7 ( ang le  of a t tack  of approximate ly  1 6 O ) ,  
a c o n d i t i o n  t h a t  was f u r t h e r  aggrava ted  by t h e  a d d i t i o n  of t h e  forward d e l t a .  

3.  The model wi th  t h e  c e n t e r  f i n  had a r e l a t i v e l y  l i n e a r  pitching-moment 
cu rve  and reduced s t a b i l i t y  wi th  t h e  forward d e l t a  i n s t a l l e d .  
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4. The c e n t e r  f i n  model had a h ighe r  trimmed maximum l i f t - d r a g  r a t i o  
and a wider t r i m  l i f t  and angle-of -a t tack  range than  t h e  t i p  f i n  model. 

5. The trimmed maximum l i f t - d r a g  ra t io  of t h e  t i p  f i n  model w i th  s c r a m j e t  
engine  was a low 3.2. 

6. Both t h e  t i p  f i n  models and t h e  c e n t e r  f i n  models e x h i b i t e d  p o s i t i v e  
d i r e c t i o n a l  s t a b i l i t y  and p o s i t i v e  d i h e d r a l  effect up to an a n g l e  of attack of 
about  21 O. 

7. The canplete t i p  f i n  model e x h i b i t e d  p o s i t i v e  ro l l  c o n t r o l  b u t  adve r se  
yaw due to r o l l  c o n t r o l .  

Langley Research Center  
Na t iona l  Aeronau t i c s  and Space Admin i s t r a t ion  
Hampton, VA 23665 
June 27, 1978 
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TABLE I.- GEOMETRIC CHARACTERISTICS OF MODEL 

Wing : 
Reference area ( i n c l u d e s  area p r o j e c t e d  to  f u s e l a g e  

center l i n e )  . m2 ( i n 2 )  . . . . . . . . . . . . . . . . . . .  0.043 (67.200) 
Exposed area. m2 ( i n 2 )  . . . . . . . . . . . . . . . . . . .  0.023 (36.121) 
Wetted area. m2 ( i n 2 )  . . . . . . . . . . . . . . . . . . . .  0.047 (72.242) 
Span. m ( i n . )  . . . . . . . . . . . . . . . . . . . . . . . .  0.217 (8.542) 
Aspect ra t io  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.086 
R o o t  chord (on f u s e l a g e  c e n t e r  l i n e )  . m ( i n . )  . . . . . . . .  0.353 (1 3.896) 
T ip  chord. m ( i n . )  . . . . . . . . . . . . . . . . . . . . . .  0.085 (3.355) 
Taper ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.241 
Mean aerodynamic chord. m ( i n . )  . . . . . . . . . . . . . . .  0.248 (9.779) 
Sweepback ang le s .  deg: 

Leading edge . . . . . . . . . . . . . . . . . . . . . . . . . . . .  70 
25-percent chord l i n e  . . . . . . . . . . . . . . . . . . . . . . .  64 

Dihedra l  a n g l e  ( a i r f o i l  mean l i n e ) .  deg . . . . . . . . . . . . . . .  -3.64 

A i r f o i l  s e c t i o n  (see f i g  . 4 ( a ) ) :  

T r a i l i n g  edge . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 

Inc idence  angle .  deg . . . . . . . . . . . . . . . . . . . . . . . . .  0 

Thickness  r a t io  - 
Exposed root . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.05 
Tip  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.06 

Fuse lage  c e n t e r - l i n e  chord  . . . . . . . . . . . . . . . .  0.000508 (0.020) 
T ip  . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.000508 (0.020) 

Elevon area (both)  . m2 ( i n 2 )  . . . . . . . . . . . . . . . .  0.005 (7.161) 

Leading-edge r a d i u s  . m ( i n  . ) : 

Forward d e l t a  wing: 
A r e a  exposed ( o u t s i d e  of f u s e l a g e .  forward of wing 

Leading-edge sweep. deg . . . . . . . . . . . . . . . . . . . . . . .  80 
l ead ing  edge ) .  m2 ( i n 2 )  . . . . . . . . . . . . . . . . . .  0.002 (3.394) 

Wetted area (bo th )  . m2 ( i n 2 )  . . . . . . . . . . . . . . . . .  0.0044 (6.788) 

T ip  f i n :  
A r e a  (each)  . m2 ( i n 2 )  . . . . . . . . . . . . . . . . . . . .  0.0038 (5.848) 
Span. m ( i n . )  . . . . . . . . . . . . . . . . . . . . . . . .  0.069 (2.730) 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.274 
R o o t  chord.  m ( i n . )  . . . . . . . . . . . . . . . . . . . . .  0.086 (3.383) 

Taper ra t io  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.336 
Mean aerodynamic chord.  m ( i n . )  . . . . . . . . . . . . . . .  0.062 (2.445) 
Sweepback angles .  deg: 

Leading edge. t o p  . . . . . . . . . . . . . . . . . . . . . . . . .  55.0 
Leading edge. bottom . . . . . . . . . . . . . . . . . . . . . . . .  70.1 
T r a i l i n g  edge. top . . . . . . . . . . . . . . . . . . . . . . . . .  21.3 

T i p  chord. m ( i n . )  . . . . . . . . . . . . . . . . . . . . . .  0.029 (1 . 135)  

Toe-in angle .  deg . . . . . . . . . . . . . . . . . . . . . . . . . .  7.5 
A i r f o i l  section: 

Thickness  ra t io  . . . . . . . . . . . . . . . . . . . . . . . . . .  0.07 
Leading-edge r ad ius .  m ( i n . )  . . . . . . . . . . . . . . .  0.000508 (0.020) 
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TABLE I.- Concluded 

Center  f i n :  
A r e a  (exposed) .  m2 ( i n 2 )  . . . . . . . . . . . . . . . . . . .  
Span (exposed) .  m ( i n . )  . . . . . . . . . . . . . . . . . . .  
Aspect r a t io  of  exposed a r e a  . . . . . . . . . . . . . . . . .  
T i p c h o r d .  m ( i n . )  . . . . . . . . . . . . . . . . . . . . . .  
Mean aerodynamic chord of exposed area. m ( i n . )  . . . . . . .  
Sweepback ang le s .  deg: 

Leading edge . . . . . . . . . . . . . . . . . . . . . . . .  
T r a i l i n g  edge . . . . . . . . . . . . . . . . . . . . . . .  
Thickness  r a t io  - 

R o o t  chord ( f u s e l a g e  s u r f a c e  l i n e ) .  m ( i n . )  . . . . . . . . .  
Taper ra t io  . . . . . . . . . . . . . . . . . . . . . . . . .  

A i r f o i l  s e c t i o n :  

T i p  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Leading-edge r ad ius .  m ( i n . )  . . . . . . . . . . . . . . .  0 

R o o t  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0.007 (11 . 492) 
0.086 (3.380) . . . .  0.994 
0.128 (5.040) 
0.045 (1 . 760) . . . .  0.349 
0.093 (3.664) 

. . . .  55.0 . . . .  24.6 

. . . .  0.106 . . . .  0.106 
000508 (0.020) 

Fuse lage  : 
Length. m ( i n . )  . . . . . . . . . . . .  
Maximum width.  m ( i n . )  . . . . . . . . .  
Planform a rea .  m2 ( in21 . . . . . . . .  
Wetted area. m2 ( i n 2 )  . . . . . . . . .  

Maximum he igh t .  m ( i n . )  . . . . . . . .  
Fineness  r a t i o  of e q u i v a l e n t  round body 

Wetted area (with wing o n ) .  m2 ( i n 2 )  . . 
Wetted area (wi th  wing and forward d e l t a  
Base area. m2 ( i n 2 )  . . . . . . . . . .  

. . . . . . . . . . .  0.508 (20.000) . . . . . . . . . . .  0.071 (2.782) . . . . . . . . . . .  0.073 (2.866) . . . . . . . . . . . . . . .  6.822 

. . . . . . . . . .  0.083 (128.460) . . . . . . . . . .  0.078 (120.695) 

. . . . . . . . . . .  0.002 (3.726) 

. . . . . . . . . . .  0.026 (40.445) 

o n ) .  m2 ( i n 2 )  . . .  0.077 (118.747) 

Complete model (wing and forward d e l t a ) :  
Planform area. m2 ( i n 2 )  . . . . . . . . . . . . . . . . . . .  0.052 (79.960) 
Aspect ra t io  of planform . . . . . . . . . . . . . . . . . . . . . . .  0.913 
Planform area (wi thout  forward d e l t a ) .  m2 ( i n2 )  . . . . . . .  0.049 (76.566) 
Aspect ra t io  (wi thout  forward d e l t a )  . . . . . . . . . . . . . . . . .  0. 953 

Model scramjet engine:  . F r o n t a l  area. m 2  ( i n 2 )  . . . . . . . . . . . . . . . . . . .  0.00084 (1 308) 
Width-to-height r a t i o  . . . . . . . . . . . . . . . . . . . . . . . .  5.23 
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Figure 1.- Systems of reference axes; arrows indicate positive direction. 



I L-72-9146 
Figure 2.- Photograph of configuration. 



High profile 

"T 

Figure 3.- Sketch of model showing interchangeable parts. 



Ai r fo i l  section at wing t i p  - 
Vertical t ip f i n  
a i r f o i l  section 

(a) Base-line configuration. All dimensions have been normalized by body length 
(R = 50.8 cm). Wing drawn in forward location. 

Figure 4.- Model general dimensions. 
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(b) Cente r  f i n .  

F i g u r e  4.- Continued. 
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Bottom view of scramjel engine with cowl removed 
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(c) Scramjet engine.  All dimensions have been normalized by 
body l e n g t h  (R = 50.8 an). 

Figure  4.- Concluded. 
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Figure 5.- Varia t ion  of base a x i a l  fo rce  c o e f f i c i e n t  w i t h  angle  of a t t a c k  a t  R = 10  x l o 6 .  
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F igure  5.- Concluded. 
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F igu re  6.- Concluded. 
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(a) Lift and drag. 

Figure 7.- Reynolds number effects on longitudinal characteristics 
Of BlWlfFD for 6, = oo. 
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(b)  Li f t -d rag  r a t io  and p i t c h .  

F i g u r e  7.- Concluded. 
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F i g u r e  8.- Reynolds 
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Of BlWlfFDVT f o r  6, = oo. 
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(b) Lift-drag ra t io  and pitch. 

F i g u r e  8.- Concluded. 
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F igu re  9.- Concluded. 
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configuration for 6, = 00. 
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Figure 11.- Continued. 
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F igur e 11 .- Continued. 
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Figure 11 .- Continued. 



w ul 

.a 

.02 

0 
0 

0 

0 
D 

n 

'1 
BIWlf 
BIWlfD 

'lWl?T 

'1 '1 ?TE 
BiWifV~F~ 

L 

(e) Stability. 

1 1  .- Concluded. 



-.4 

a, deg 

(a) Lift. 

w Figure 12.- Effect of engine on longitudinal characteristics with component buildup of center vertical 
4 tail configuration for 6, = 00. 
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(b) Drag. 

12.- Continued. 
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(c) Lift-drag ratio. 

Figure  12.- Continued. 



(d)  Pitch. 

Figure 12.- Continued. 
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(e) S t a b i l i t y .  

Figure 12.- Concluded. 
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Figure 13.- Continued. 
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Figure  13.- Continued. 
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F igure  13.- Continued. 
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Figure 13.- Concluded. 
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(b) Drag. 

Figure 14.- Continued. 
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(c) Lift -drag ratio. 

Figure 14.- Continued. 



(d)  P i tch .  

F igure  14.- Continued. 
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Figure 15.- Variation of drag due to lift of various winged configurations tested for 6, = Oo. 
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F igure  16.- Continued. 
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(d) Pitch. 

Figure 16.- Continued. 
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Figure 16.- concluded. 
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Figure 17.- Continued. 
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Figure 17.- Continued. 
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F igure  17.- Continued. 
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Figure 17.- Concluded. 
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18.- Effect of elevon deflection on longitudinal characteristics 
Of B1 W1 fVTFD. 
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Figure  18.- Con t inued  , 
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(d) Pitch. 

Figure  18.- Continued. 
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Figure 19.- E f f e c t  of elevon d e f l e c t i o n  on l o n g i t u d i n a l  c h a r a c t e r i s t i c s  
of B1 w1 fVTFDE. 
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Figure 19.- Continued. 
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Figure 20.- Longitudinal characteristics at trim of body-wing with tip fin 
and with center fin components. 
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Figure 23.- Comparison of lateral and directional stability parameter for 
B1 B1W1 f, Bl Wl fVcr and B1 W1 fVT for 6, = go. 
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6, = 00. 
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